Riparian areas are local hot spots of biodiversity that are vulnerable and easily degraded. Comparing plant communities in habitats with different degrees of urbanization may provide valuable information for the management and restoration of these vulnerable habitats. In this study, we explored the impact of urbanization on vegetation communities between artificial and semi-natural habitats within two rivers with different levels of development. We compared species richness, types of vegetation, and composition patterns of the plants in our study. In artificial habitats, the sites with relatively high levels of urbanization had the highest species richness, while in semi-natural habitats, the highest species richness was recorded in the less urbanized sites. Furthermore, every component of urbanization that contributed to the variation of species richness was examined in the current study. In artificial habitats, the proportion of impervious surface was the strongest predictor of the variation in species richness and was associated with the richness of alien, native, and riparian species. In semi-natural habitats, most of the richness of alien and native species were associated with the distance to the city center, and the number of riparian and ruderal species was significantly related to the proportion of impervious surface. Moreover, we found that a high level of urbanization was always associated with a large abundance of alien and ruderal species in both artificial and in semi-natural habitats. We recommend the methods of pair comparison of multiple rivers to analyze the impact of urbanization on plant species in riparian areas and have suggested various management actions for maintaining biodiversity and sustainability in riparian ecosystems.
Introduction
Riparian areas represent one of the most frequently found types of green area in the urban ecosystem. Riparian areas provide a range of essential ecosystem services including flood attenuation, riverbank stabilization, nutrient cycling, groundwater recharge, and providing habitats for plants and animals [1, 2] . With the possible exception of ecosystem services, riparian areas increase the aesthetic value of urban and agricultural regions and expand people's opportunities for outdoor activities. These services are particularly valuable in riparian areas of the world, where humans rely on these services for well-being [3] .
In a rapidly urbanizing world, understanding the response of ecosystems to urbanization is needed to ensure that urban areas are planned for the sustainability of residents and nature [4] . With the development of urbanization, urban areas and the human population are increasing rapidly; a combination of processes or drivers including climate change, habitat transformation, fragmentation, specific urban environmental conditions, and human disturbance are confirmed to impact the biodiversity in urban areas [5] [6] [7] . As an attraction for human development, riparian areas are severely affected by urbanization. Firstly, urbanization within riparian areas increases the area of impervious surface, which decreases the infiltration of rainfall and leads to loss of original riparian habitat [8] . Secondly, urbanization exerts intensive anthropogenic pressure on these areas. These places are highly modified and affected by a large number of human activities [9, 10] . Some of the most apparent types of disturbance consists of soil pollution, trampling of vegetation, and soil compaction [11, 12] . These disturbances can facilitate the establishment of alien and ruderal species that can become common due to additional nutrient availability and because of the high input of propagules from habitat degradation and fragmentation [13] . Although managing urbanization impacts has become a conservation priority worldwide, the maintenance of riparian areas is often ignored.
Plant species diversity is linked strongly to habitat conditions and is directly mediated by urbanization and anthropogenic disturbance [14, 15] . In recent decades, studies on the impact of urbanization on plant species diversity have generally been conducted at large spatial scales [16, 17] . The urban-rural gradient is the most commonly used methodology, and it is considered to be a linear transect radiating out from the city core to the altered area [18] . Nevertheless, disentangling the effects of urbanization on riparian systems in an urban-rural gradient is difficult because in reality, this gradient is a complex mosaic of patches, especially when considering riparian areas [19, 20] . Besides the urbanization effect, driving factors such as land-use type and landscape structure are widely recognized for their difference between urban and rural areas, and they influence one another mutually [21, 22] . Few studies have explicitly examined the variation of plant species in some particular land-use categories in riparian areas. So far, how and to what extent urbanization may influence the vegetation of riparian areas is not well appreciated. For this study, we focused on the effect of urbanization on vegetation in central Japan, a region where most of the cities are developed in the lower reach of rivers. In Japan, the basins of rivers distinctly differ in urbanization level and in the intensity of anthropogenic disturbance [23] . These rivers can flow through metropolises and their satellite cities; thus, the riparian areas have been intensively transformed for the needs of irrigation, drinking water, and recreation of people, and are associated with a large number of residents and immigrant population [24, 25] . Several river basins have not been changed by urban sprawl, and just a few small cities and villages are distributed along these rivers. The response of species richness to urbanization among different rivers is still poorly understood, which could hinder the implementation of effective management practices.
Understanding how urbanization influences vegetation in riparian areas is essential because these vegetation communities provide various critical ecosystem services and maintain a high level of biodiversity [1] . Valuable information for the management of these areas can be obtained by comparing the plant species diversity and composition in sites at different levels of urbanization. For this study, we identified the effects of urbanization on riparian vegetation from a novel perspective. This study aimed to analyze plant species within the same land-use type but under different degrees of urbanization. Specifically, we conducted comparisons of artificial (located inside urban area) and semi-natural (located outside urban areas) habitats of two rivers with different degrees of urbanization and development. Our objectives were to (1) Study the changes in plant species richness and composition in artificial and semi-natural habitats along an urbanization gradient. We expected that the species richness and abundance of alien and ruderal species might benefit from the urbanization. (2) Analyze which urbanization and environmental variables influence plant species richness and species composition in artificial and semi-natural habitats along an urbanization gradient. We hypothesized that the effects of urbanization factors on vegetation might vary with habitat type and that the dominant factor of plant species would also vary in habitat type.
Materials and Methods

Study Sites
The study was conducted in the central region of Japan. We selected the riparian areas of Shonai River and Miya River for this study (Figure 1 ). The Shonai and Miya River originate from Mt. Yudachi and Mt.Ōdaigahara, respectively, and both of them flow into the Ise Bay. These two rivers belong to the same climatic region and are characterized by the same regional species pool. The geographical and environmental characteristics of the two rivers are listed in Table 1 . The Shonai River is regarded as one of the most urbanized rivers in Japan. In the basin area of the Shonai River, since the metropolitan city, Nagoya, and its satellite cities are located in the lower and middle reaches, the urbanization process has been remarkably developed since the 1950s. At present, the population of the basin exceeds 2.4 million. In the Moriyama ward of Nagoya City, urbanization development is still underway. In contrast to the Shonai River, the Miya River harbors only one small city (Ise) in its lower reaches, and 140,000 people live in the basin area. The populations in the basins and different land-use types reveal that Shonai and Miya River differ in levels of urbanization.
To explore the effect of urbanization on plant diversity and floristic composition, we selected riparian parks and wastelands as artificial and semi-natural habitats, in order to conduct a comparison of riparian areas of the two rivers.
Riparian parks were located in the city areas of Nagoya and Ise. These parks are close to residential areas and provide open recreational space for people living in the city areas. In order to access easily to the river flow and enjoy river scenery, all of the parks are riparian areas modified by a series of squares, playgrounds, hydrophilic platforms, and trails.
Wastelands were located outside the cities and surrounded by farmland, forest, and other unmanaged lands. They are abandoned and without vegetation management. Most of the wastelands kept their semi-natural appearance and provide habitats for wildlife. Due to the effect of urban sprawl, the wastelands along the Shonai River are fragmented by cities, while the wastelands along the Miya River present a relatively continuous area ( Figure 1 ). Figure 1 . An overview of the Shonai River and Miya River system in Japan (A) and the location of research sites along the Shonai River (B) and the Miya River (C). Notes: the information of the population concentration area was derived from the Geospatial Information Authority of Japan.
Vegetation Sampling
We selected three artificial habitats and three semi-natural habitats in each river ( Table 2) . Field surveys were conducted from 2018 to 2019, between April and July. The waterside lowland and major bed of riparian area were selected as the primary sampling area. Table 2 . The number of study areas, the number of plots in each study area, the total number of plots, and information about the characteristics of the studied area types.
Characteristic
Artificial Habitats Semi-Natural Habitats Total number of plots 48 48 In each sampling site, four transects were established with 200 m intervals vertically to the river ( Figure 2 ). To weaken the marginal effect, we excluded the area within two meters of the rivers. Two 20 × 10 m plots were established systematically, separated by 5 m distance along each transect. We recorded all the tree species in the 20 × 10 m plot, and two subplots of size 5 × 2 m were set for the sampling of shrubs and nested in the 20 × 10 m plot. The herbs were sampled in five small plots of 1 × 1 m and nested randomly in the 20 × 10 m plot. 
Number of sampling sites
Data Collection
In each plot, we measured several variables describing the characteristics of plant communities: the name, density, and coverage of all present plant species. The coverage of each species was measured by visual estimation [26] , and the density of each shrub and herb species was measured by recording the number of plants in a 1 × 1 m range. Plant specimens were identified to the species level in the field, and the crop plants were excluded from the record. For the plant species that were not easily identifiable, specimens were collected and brought back to the laboratory, where they were identified by matching with an illustrated handbook of vegetation and preserved herbarium specimens.
According to the literature and field observations, each plant was classified using the following life-history attributes: (1) origins: alien (species introduced after the 19th century, when Japan abandoned its policy of national isolation) or native species [27] ; (2) naturalness: riparian (riverside-endemic and hygrophilous species) or ruderal (synanthropic species and weeds, usually appearing with human activity) [28] [29] [30] ; species richness (SR), as the total number of different species represented in an ecological community or habitat [31] was used to account for the diversity of vegetation in our study.
We used an extensive set of predictors to analyze the relationships between different components of urbanization and plant species. We used imperviousness (defined as rigid pavement area, i.e., roads, pavement, and ground, calculated in a 100 m radius from quadrat center within the riparian area), human population density (number of residents per km 2 of the district where the sample plot was located), nearest distance to the city center, and traffic density (daily vehicle flow of the nearest road beside the riparian area). We also used other environmental factors known to affect plant diversity, such as climatic and topographic features and proportion of forest in a 100 m radius from each plot center. The data were collected as field measurements, downloaded from the government website, and calculated by ArcGIS 9.3 (ESRI, Redlands, CA, USA). A detailed description of urbanization and other environmental variables is shown in Table 3 . 
Imperviousness
The rigid pavement area in a 100 m radius from plot center within the riparian area (%)
Geospatial Information Authority of Japan, https://www.gsi.go.jp/tizu-kutyu.html
Distance to the city center
Distance from plots to the nearest neighbor city center (m) Geospatial Information Authority of Japan, https://www.gsi.go.jp/tizu-kutyu.html
Forest
The proportion of the plot area occupied by trees (%) Geospatial Information Authority of Japan, https://www.gsi.go.jp/tizu-kutyu.html
Altitude and slope
The elevation and degree of inclination in each plot
Measured using GPS and declinometer, respectively pH
The pH of the soil within a depth of 20 cm in each plot Measured using an electric pH meter
Statistical Analysis
The statistical analyses in our study included three aspects; all statistical analyses were done in R 3.0.2 (R Core Team 2014, Vienna, Austria).
For the first aspect, we compared the number of species and components of urbanization in different habitat types between two river basins. The differences were tested using the least significant difference (LSD) test in a one-way analysis of variance (ANOVA). The P values were corrected by a multiple-test Holm's correction procedure. The package "agricolae" was used for LSD test with multiple-test Holm's correction.
For the second aspect, to explore the relationships between urbanization and species richness, we used a generalized linear model (GLM) to analyze the species richness of the different types of plant with Poisson error distribution for count data. Both urbanization variables and other environmental variables were considered in the models. To avoid possible bias caused by multicollinearity, we conducted a multicollinearity test among all the variables. The results showed that there was no apparent multicollinearity between variables (Kappa value = 36.12). The best-fitting models were determined by corrected Akaike's information criterion (AICc; adjusted for small sample size in relation to the number of parameters). We also calculated the variable importance for each urbanization variable so that we could compare the effect of each variable on species richness. Variable importance is the sum of the Akaike weights (wAICc), which measures the overall likelihood of interesting parameters appearing in the selected model [32] . The values of variable importance are bounded between 0 (variables excluded from all selected models) to 1 (variables included in all selected models). We calculated the variable importance according to the sum of the Akaike weights base on the criteria (delta AICc ≤ 4). The packages "glm2" and "MASS" were used for GLM, and "MuMIn" was used for model averaging.
For the third aspect, canonical correspondence analysis (CCA) was conducted to find the effect of urbanization and other environmental predictors on plant community composition. CCA is a method for direct gradient analysis which can be used to examine patterns in plots and/or species that have been constrained by a set of environmental variables. We used the abundance in each plot as species data, and for the environmental matrix we used the urbanization (population density, traffic density, distance to the city center, and proportion of impervious surface) and other environmental factors (annual precipitation, mean annual temperature, proportion of forest, altitude, and slope). The package "vegan" was used for CCA. Data from artificial and semi-natural habitats were analyzed separately.
Results
Plant Species Richness in Artificial and Semi-Natural Habitats
In the current study, the response of species richness to urbanization was observed to vary according to the types of habitat ( Figure 3 ). In artificial habitat, the sites located within the Shonai River basin showed a higher species richness than those within the Miya River basin. Nevertheless, in semi-natural habitat, the sites located within the Miya River basin showed a higher degree of total species richness than the Shonai River. The results of species origins analysis indicated that both alien and native species richness of the Shonai River was higher than those located along the Miya River in artificial habitat (Figure 4) . In particular, alien species of the Shonai River showed a significantly higher richness than of the Miya River (ANOVA, p ≤ 0.05). Concerning semi-natural habitat, the number of alien and native species differed significantly between two rivers (ANOVA, p ≤ 0.05). The number of alien species was higher in the wastelands of the Shonai River. However, comparing the richness of native species of two rivers indicated a significantly high richness of the Miya River.
Considering the naturalness of species in the artificial habitat, we found very little difference in riparian species between two rivers ( Figure 4) . A high richness of ruderal species was found in the sites along Shonai River. In semi-natural habitat, both riparian and ruderal species differed between Shonai and Miya rivers. The number of riparian species showed a significantly high value in the sites of the Miya River (ANOVA, p ≤ 0.05). 
Components of Urbanization
In the different riverside environments, the degree of population and traffic density significantly differed both in artificial and semi-natural habitat (Table 4 ). However, in the semi-natural habitat, the distance to the city center was associated with a significant difference between two types of habitats, although there was not a similar trend in artificial habitat. Considering the proportion of impervious surface, artificial and semi-natural habitats did not differ significantly, but the mean value of the proportion of impervious surface was slightly higher in artificial habitats compared to semi-natural habitats. 
Effects of Urbanization on Species Richness
Results of GLM analyses revealed that in artificial habitats, the alien species richness was mainly affected by precipitation and proportion of impervious surface ( Table 5 ). The best explanation model for the variation of native species richness included the proportion of impervious surface and traffic density; however, no significant effects were shown within the variables. The richness of riparian species tended to decrease with the increasing impervious surface. Considering the ruderal species richness, the proportion of forest area was shown to be the best predictor. In semi-natural habitats, the alien species richness was influenced by both the distance to the city center and the proportion of impervious surface ( Table 5 ). The richness of native species was positively affected by distance to the city center; the richness of riparian species tended to decrease with the impervious surface; ruderal species richness was positively influenced by the proportion of impervious surface. Furthermore, the number of ruderal species was affected by the distance to the city center and tended to increase with decreased distance.
The results of variable importance showed that the dominant component of urbanization contributed to the variation of species richness with habitat and vegetation types ( Figure 5 ). In artificial habitats, among the urbanization factors, the proportion of impervious surface was the best predictor for the variation of the species richness, accounting for about 1.2 variable importance in total. It adequately explained the variation of alien, native, and riparian species richness. However, in semi-natural habitats, distance to the city center was the best predictor for the variation of the species richness and was strongly associated with the variation of the number of alien, native, and ruderal species. 
Effects of Urbanization on Plant Community Composition
Patterns in species composition of vegetation based on species abundance values entered into the CCA and were related to measures of urbanization intensity, and the resulting diagrams illustrate the fine-scale heterogeneity shown in the artificial and the semi-natural habitats ( Figure 6 ). The total ordination constraint in the CCA of artificial habitats was 6.065, which was the sum of all eigenvalues; 2.517 was constrained and 3.548 remained unconstrained. With regard to the CCA for semi-natural habitats, the total ordination constraint was 9.411; constrained and unconstrained were 4.530 and 4.881, respectively. Results of the correlations between CCA community ordination scores and environmental variables are summarized in Supplementary Materials Table S2 . In both artificial and semi-natural habitats, Axis 1 was positively associated with distance to the city center and negatively influenced by the proportion of impervious surface, population, and traffic density, and represented a gradient of more to less urban development ( Figure 6 ; Supplementary Materials Table S2 ). The result of CCA in the artificial habitats showed that the sites of two rivers were not a distinct dispersion along the first axis ( Figure 6A ). The eigenvalue for the first axis was highly significant based on the Monte Carlo permutation test (Axis 1 = 0.46, p = 0.002), implying that the plant species data were well explained by selected environmental variables. The species-environment correlations, indicating the ability of environmental variables to explain the species composition, were 0.85 and 0.73 for Axis 1 and Axis 2, respectively ( Table 6 ). Monte Carlo tests for all canonical axes combined further suggested that the relationship between community composition and environmental factors was significant (p = 0.002). Artificial sites along the Shonai River were positively associated with population density, proportion of impervious surface, traffic density, pH, and mean annual temperature. The plant communities which occurred in the artificial habitat of Miya River always positively related to the distance to the city center, the proportion of impervious surface, mean annual precipitation, and proportion of forest. The urbanization variables were strongly linked by part of environmental variables, further explaining patterns of plant species composition along the Shonai and Miya Rivers. The soil pH and temperature were strongly correlated with impervious surface and traffic density, suggesting that urbanization might affect soil properties and microclimates. A pattern in species composition was apparent with most alien (e.g., Festuca arundinacea, Lolium multiflorum, Erigeron annuus, Avena fatua, Ambrosia artemisiifolia, Plantago major, Conyza canadensis, Conyza bonariensis, Solidago altissima, Briza maxima, Trifolium repens, and Taraxacum officinale) and ruderal species (e.g., Imperata cylindrica, Poa annua), being associated with the negative, "urbanized" end of Axis 1 and correlated to the impervious surface and traffic density. Native species (e.g., Pueraria lobata, Artemisia indica var. maximowiczii, Phragmites australis and Miscanthus sacchariflorus, and Gynostemma pentaphyllum) were located at the positive end. Species composition on Axis 2 was difficult to interpret, with alien and native species located at both ends ( Figure 6A) .
In contrast to the artificial habitats, the result of CCA in the semi-natural habitats showed that the sites of two rivers were distinctive along the first axis ( Figure 6B ). The first axis was significant based on the Monte Carlo permutation test (Axis 1 = 0.66, p = 0.001); the species-environment correlations were 0.95 and 0.82 for Axis 1 and Axis 2, respectively ( Table 6 ). Monte Carlo test for all canonical axes combined suggested that the relationship between species composition and selected environmental factors was highly significant (p = 0.001). Similarly to the CCA results for the artificial habitats, the soil pH was correlated with the impervious surface; the temperature was highly related to the traffic density and population density. In semi-natural habitats, the alien species (e.g., F. arundinacea, L. multiflorum, E. annuus, C. canadensis, S. altissima, T. repens, and T. officinale) also dominated in the more urbanized areas and correlated to the impervious surface, pH, and traffic density; however, the less urbanized plots were characterized almost exclusively by native species (e.g., Iris japonica, Farfugrium japonicum, Geranium wilfordii, Typha orientalis, Vicia sativa, Orychophragmus violaceus, and Phyllostachys bambusoides). The species categorized as both ruderal and native species (e.g., Cayratia japonica, Rubus parvifolius, and Equisetum arvense) also dominated in these less urbanized areas ( Figure 6B ).
Discussion
Plant Species Richness in Artificial and Semi-Natural Habitats
In artificial habitats, the higher richness of the total species at the sites with a high level of urbanization indicated that the species richness tends to increase with the increase of urbanization.
In accordance with the present results, previous studies have demonstrated that relatively high anthropogenic disturbance promotes the coexistence of various types of plants in urban areas [33, 34] . In this study, the high species richness of parks along the Shonai River was observed owing to a large number of alien and ruderal species. These observations confirmed that high species richness is associated with the development of urbanization, often as a result of the introduction of non-native species [35, 36] . The increase of ruderal species in the parks located along the Shonai River suggested that colonization of ruderal species depended more on the massive artificial disturbances in a megacity. Consistent with our study, many studies have reported that a large number of ruderal plants are always recognized in urban areas with stronger anthropogenic pressure [37, 38] . Interestingly, the semi-natural habitats showed opposite trends to the artificial habitats. The better performance of species richness under low-level of urbanization could be due to the characteristics of semi-natural habitat: the range of habitats suitable for native species conservation was probably wider and more continuous in the less-urbanized sites than in the urbanized sites. Thus the loss of plant species could be induced by anthropogenic pressure and habitat fragmentation [39] . This result was also in concordance with earlier research stating that native plant species diversity is relatively high in less disturbed habitats, which might be the result of the existence of multiple dominant species in the less disturbed habitats [40, 41] . Additionally, native species diversity can quickly recover after being disturbed, but not if the disturbance was continuous [42, 43] . Our finding suggested that semi-natural habitats under a low urbanization intensity could be linked to the relatively high richness of native species and should be managed for the conservation and improvement of the diversity of native species.
Driving Factors Affecting Different Types of Vegetation
The proportion of impervious surface acted as the best predictor for the variation of species richness in artificial habitats, and this was positively associated with the alien species richness in both artificial and semi-natural habitats. In most of the riparian habitats in Japan, the impervious surfaces are mainly formed by the major beds. The surface of the major beds has been leveled off, promoting the utilization of these major beds as recreation spaces, and footpaths [23] . Following such construction, riparian areas are strongly linked to riparian degradation, alternation of the hydrological and sediment regimes, and intense human recreational activities [41, 44] . Thus, alien species could benefit from disturbances of this nature, especially along the riverbanks, since the river corridor is known to be an effective dispersal mechanism [45, 46] . Additionally, it is widely assumed that the propagation of alien plants in public spaces and on trails by humans is an important factor for their invasion [47] . Given the efficient propagation of alien species, native species could be influenced by the alien species in numerous ways, including the induced changes in the physical habitats, via competitive suppression, or via some other trophic interaction [48, 49] . Surprisingly, our result revealed that the species richness of alien species decreased with the increase in the annual precipitation, and it was contrary to most of the previous studies [50, 51] . This result persuaded us to hypothesize that the native species were better adapted to colonizing high rainfall environments than the alien species, since Japan has a typically humid, temperate marine climate. In high rainfall environments, an increase in the biological resistance of the native plant communities might be a reason for the lower richness of the alien species [52] . Nevertheless, despite the significant relationship between the alien species and precipitation, our results might not convincingly predict how species would respond to changes in the environment at a local level within a limited species pool. Further studies in the future could take these variables into account.
In semi-natural habitats, we found the distance to the city center was the most effective predictors for both alien and native species, reflecting the substantial impact of urban expansion on suburban areas. Our result was in line with previous studies revealing a declining trend of alien species from the city center to the suburbs or rural surroundings [53] . This result can be explained by the introduction of humans and the ability of alien species to take advantage of the new resources in those urban areas [41] . Thus, the sites with a relatively short distance to the urban area could be more likely to withstand propagation from the alien species. Moreover, the urban areas provide numerous dispersal corridors that might enhance the spread of alien plants from urban areas to semi-natural habitats [54] . Owing to the high urbanization intensity and rapid urban sprawl, the semi-natural habitats along the Shonai River are surrounded by a number of cities, thus resulting in a relatively short distance to the city and a multi-directional exportation from the cities, leading to an increase in the alien species.
Riparian species are recognized as the plants that were endemic to the riparian areas. It was observed that the proportion of impervious surface was an effective predictor for riparian species both in artificial and semi-natural habitats. As several previous studies have revealed, biodiversity and habitat quality are inversely proportional to the amount of adjacent impervious surface [55] . In recent decades, moist grasslands and gravelly floodplains in Japan have been largely lost to construction activities, which has been linked to urban living and flood control measures [23] . Hence, the loss of habitat could be a major factor contributing to the decrease of riparian plant species. The construction of flood protection measures and recreational spaces also leads to trampling and habitat degradation, while fostering the establishment of undesirable, alien plants, which establish more quickly than other vegetation in these areas [28] . In the current study, some of the riparian species included in the Red Data Book as "vulnerable" were only observed in unchanged riparian areas, such as Veronica undulata, Lespedeza tomentosa, and Epelobium hirsutum.
The ruderal species reportedly tended to occur in intensively altered habitats and were maintained at early successional stages by persistent urban disturbance [56] . In artificial habitats, the richness of ruderal species was only significantly influenced by the proportion of forest. A large forest cover was usually considered to be more resistant to the colonization of ruderal species than a thin forest cover [57, 58] . Although the distance to the city center was included in the GLM model, the effect was stronger in the semi-natural habitat. This negative relationship has been aptly explained by the increased habitat diversity and human disturbance at the urban centers [37, 38] . Hence, a short distance to the city increases the possibility of the propagation of ruderal plants. The richness of ruderal species richness was also impacted by the proportion of impervious surface in the semi-natural habitats. This result could be explained by the intensity of the habitats modified, in which the ruderal species could occupy the disturbed habitats more quickly owing to their high tolerance for anthropogenic stress situations [59] . Moreover, agricultural activities were significantly related to the occurrence of weeds. Most weeds in agricultural systems are competitively adapted to take over disturbed habitats [60] . Consequently, environments favoring ruderal species include the riparian meadows that are subject to the disturbances like anthropogenic pressure, as well as agricultural buildings and fields.
Effects on Plant Community Composition
Our result revealed that urbanization has had distinct effects on the flora of the studied artificial and semi-natural habitats. From CCA analyses, we identified the indicator species of the riparian plant community associated with urbanization intensity. Alien species F. arundinacea, L. multiflorum, E. annuus, C. canadensis, S. altissima, and T. officinale were found at the urbanized sites in both the artificial and semi-natural habitats. F. arundinacea and L. multiflorum have been documented as being highly invasive of disturbed riparian areas in Japan. These alien species have escaped from various construction sites in urbanized river basins, where they have been sown to prevent soil erosion [61] . E. annuus, C. canadensis, S. altissima, and T. officinale were widespread and abundant in the disturbed habitats in Japan. These species have a high ability to tolerate competition and strong seed production, and anthropogenic disturbance has promoted the expansion of these species [62] [63] [64] [65] [66] . Ruderal species such as P. annua and I. cylindrical were also found to be dominant at the urbanized sites in both the artificial and semi-natural habitats. These species are highly tolerant of urban growing conditions and appear capable of exploiting the anthropogenic disturbance associated with urbanization. Additionally, the results of similar dominant species in the urbanized areas revealed that urbanization could pose a severe risk to biodiversity [56] . The propagation and introduction of a large number of non-native and ruderal plants by human activities in urbanized areas is a well-known consequence of urbanization, and results in floristic homogenization [67] . Many studies have shown that the urbanization process and its associated human disturbance is one of the major drivers of biodiversity homogenization [68, 69] . Thus, appropriate suggestions for the management of artificial habitats, such as controlling the construction and expansion of impervious space, are indispensable. However, it is also necessary to take urban riparian areas into consideration when planning urban expansion.
In the semi-natural habitats, distance to the city center had a significant effect on the distribution of plant communities along the Miya River, and these plant communities were dominated by native species. In our research, the places far from the city center were always linked to landscape mosaics like natural floodplains, forests, and villages. This indicated that, compared with the urban residential area, the rural area had a relatively low output of alien species to the surrounding riparian areas [70] . On the other hand, a relatively long distance from the city center could reduce human disturbance and the spread of alien and ruderal species [71] . Although semi-natural habitats are the key areas to maintaining local plant and biodiversity, plant structure is changed under high human pressure. It is important to mention that in semi-natural habitats under high-intensity of urbanization, a considerable number of alien and ruderal species were shown, and the colonization of these species may still be going on. Thus, conservation management should be adopted to avoid the propagation of ruderal and non-native plants, as it is widely known that the cost of taking preventive measures is far lower than that of trying to control these plants when they have become well established. Therefore, the management of the semi-natural habitats should include a designation of selected plots as nature reserves.
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